This research proposes the hypothesis that societies with long histories of agriculture have less equality in gender roles as a consequence of more patriarchal values and beliefs regarding the proper role of women in society. We test this hypothesis on a world sample and a sample of European regions. The analysis reveals a strikingly robust negative association between years of agriculture and female labor force participation rates, as well as other measures of equality in gender roles. Thus, we …nd strong support for the proposed hypothesis.
Introduction
Wide disparities in gender roles exist across countries and regions as observed in e.g. the large cross-country variation in female labor force participation rates, see Alesina et al. (2012) . The existence of these disparities has become a concern for policy makers. One manifestation of this is the third Millennium Development Goal which aims at promoting more equality in gender roles (United Nations, 2011). Whether or not appropriate policy can be designed to reach this goal arguably depends on research providing understanding of the underlying causes of the variation in gender roles. Recent research has taken up this challenge and suggests that, to some extent, the observed divergence can be explained by cultural beliefs-with strong historical origins-on the proper role of women in society (Fernandez, 2007; Fernandez and Fogli, 2009; Alesina et al., 2012) . 1 This paper follows this line of research and proposes the hypothesis that societies with long histories of agriculture have stronger patriarchal values and beliefs which give rise to less equality in gender roles. 2 We test this hypothesis by studying the relation between the timing of the Neolithic Revolution-the prehistorical transition from a hunter-gatherer to an agricultural society-and contemporary gender roles as measured by e.g. female labor force participation and other indicators of equality in gender roles.
The idea is that the Neolithic revolution puts societies on a path on which patriarchal norms and beliefs would be adopted. Societies with earlier Neolithic revolutions have been subject to these cultural beliefs for a longer period of time and these beliefs, therefore, are likely to become more ingrained over time. Thus, they may still serve as a stumbling block for more equality in gender roles in terms of female labor force participation as well as female participation in politics.
We build on the work of Iversen and Rosenbluth (2010) . They note that evidence suggests that Hunter-Gatherer societies were characterized by more independent women as compared to agricultural societies. First, it has been demonstrated that the gathering activity of women pro- 1 For other research papers in which gender plays a role see, for example, Galor and Weil (1996) , Klasen (2002) , Miller (2008) , Dopeke and Tertilt (2009; 2011) . 2 Patriarchy is de…ned by the dominance of males in social, economic, and political organization (Iversen and Rosenbluth, 2010: p.17).
vided three quarters of the daily calorie intake of their community. Second, meat-as provided by male hunting activity-was not strictly necessary for survival. Thus, they conclude that the bargaining power between men and women was relatively equal in the hunter-gatherer society.
They further argue that the cultural norms and beliefs shifted as societies became agricultural.
With increased population growth 3 and land scarcity, cultivation of food became more intensive as also suggested by the work of Boserup (1970) and Burton and White (1984) . Iversen and Rosenbluth (2010) suggest that agricultural intensi…cation created "a premium on male brawn in plowing and other heavy farm work"(p.32). This led to a division of labor within the family in which the man used his physical strength in food production, and the woman took care of child rearing, food processing and production and other family-related duties. The consequence was that women's role in society no longer gave "her economic viability on her own"(p.32). The seminal work of Boserup (1970) puts strong emphasis on the adoption of plow agriculture as a source of agricultural intensi…cation, but as noted by Burton and White (1984) , intensi…cation can be achieved in a variety of ways even without the plow. In fact, Boserup (1965) de…nes agricultural intensi…cation as shortening of the fallow by any method as pointed out by Burton and White (1984) . They also stress that agricultural intensi…cation and the associated shift in gender roles do not require the plow. 4 In essence, the general shift in the division of labor, associated with the Neolithic revolution, aggravated women's outside options (outside marriage) and this increased male bargaining power within the family, which, over generations, translated into norms and behavior which shaped the cultural beliefs on gender roles in societies. Put schematically, we argue that an early Neolithic Revolution (years of agriculture) =) agricultural intensi…cation =) historical 3 Ashraf and Galor (2011) demonstrate that early neolithic revolutions are associated with higher population density in 1 CE, 1000 CE and 1500 CE. This corroborates the view of Iversen and Rosenbluth (2010) that the neolithic revolution led to higher population density which in itself may trigger agricultural intensi…cation as suggested by Boserup (1965 Boserup ( , 1970 . 4 In particular, they point to three factors behind lower female participation in agriculture: (1) Labor intensi…cation under seasonal constraints. (2) Capital intensi…cation due to introduction of the plow. (3) The role of domesticated animals in intensive ecosystems. In these systems women are argued to take care of the animals which spend more time close to the househould under intensi…cation. Burton and White (p.573) argue that when dependence on animals is high, intensi…cation may lead to "sharply curtailed female agricultural inputs." female agricultural contribution =) contemporary gender roles.
We implement our test by using data on the number of years that a country has been an agrarian society in 1500 CE on the one hand, and measures of equality in gender roles on the other. We …nd support for the proposed hypothesis using both a world sample of countries and within-country variation in a sample of European regions. In fact, the empirical analysis shows a robust negative relation between years of agriculture and female labor participation
rates. We also demonstrate that the result holds for other indicators of equality in gender roles such as 'years since women's su¤rage' and 'female seats in parliament'. For the crosscountry analysis, we use data on the timing of the transition to agriculture from Putterman and Trainor (2006). In the cross-country data, the "world migration matrix", developed by
Putterman and Weil (2010), makes it possible to adjust the years since the transition for PostColumbian migration ‡ows. Therefore, we can use both unadjusted and adjusted measures.
The empirical analysis shows-somewhat surprisingly-that the migration adjusted measure is markedly stronger associated with gender inequality. 5 Moreover, as the basic mechanism, arguably, operates via informal institutions, rather than formal institutions, we also provide a test of the hypothesis based on the European regional sample. In particular, making use of within-country variation in the timing of the transition to agriculture, from Pinhasi (2005), 6 removes any country-speci…c …xed e¤ects a¤ecting gender roles-such as economic institutions, political environment, and so on. While a signi…cant part of the variation in the female labor force participation rate occurs between countries, the regional data also support the cultural mechanism.
Alesina et al. (2012) provide evidence consistent with Boserup's (1970) hypothesis that plow agriculture is behind present day gender roles. In particular, they construct a measure of the share of the population that has ancestors who were plow users. They note that one caveat associated with this approach is that they cannot measure whether the plow was adopted early, since a longer period of plow agriculture is likely to have led to stronger and more ingrained 5 In particular, because Putterman and Weil (2010) …nd that the adjusted years since the Neolithic Revolution are stronger related to output per capita, one might have expected a stronger relation to equality in gender roles also. 6 Other papers also using this dataset on the timing of the Neolithic transition include Ashraf and Michalopoulos (2011) and Olsson and Paik (2012 We also contribute to the literature on the consequences of the Neolithic revolution. This literature has emphasized the consequences for both historical and contemporary development. 7 We add evidence that the Neolithic revolution-as a consequence of agricultural intensi…cation- led to patriarchal cultural beliefs on gender roles which still a¤ect contemporary gender roles.
The rest of this paper is organized as follows. In section 2 we present the data used in the analysis. Section 3 outlines the estimation framework. Sections 4 contains results and discussion. Section 5 concludes.
Data and descriptive statistics
This section presents a short overview of the dataset assembled to perform the empirical analysis (data sources are given in Table A1 ). The female labor force participation rate in 2000 CE is used as our main indicator of contemporary equality in gender roles. We use this indicator for two reasons. First, the hypothesis presented above mainly relates to whether females participate in the labor market. Second, it is the main indicator used in other research on gender roles, e.g. As control variables, we include a range of variables accounting for geographical, socioeconomic, historical, and other country (regional) speci…c characteristics, see Table A1 for details.
In general, the control variables are introduced as the analysis progresses. The summary statistics of all variables are reported in Table 1 . From this, we attain average transition dates of each nuts 2 region in ArcGIS.
Estimation framework
We start out by testing the outlined hypothesis in a world sample of countries by the following baseline speci…cation:
where i denotes country, F LP R i is the female labor force participation rate in 2000 CE, N RM j is the migration adjusted years of agriculture in 1500 CE (in 1000s), X i is a set of control variables (e.g., income, income 2 , formal institutions, geography, religion, soil suitability for plow-use), D k is continental …xed e¤ects, and " denotes the disturbance term. Formally, the hypothesis to be tested is that < 0: years of agriculture is negatively related to female contribution to the formal labor market. 9 We also implement a version of equation (1) in which we use the unadjusted years of agriculture in 1500 CE denoted by N R i .
A key methodological challenge for this type of analysis is to separate the e¤ect of culture from the e¤ect of formal institutions and other national speci…c conditions. Even though the approach in (1) attempts to deal with this by including a range of possible confounders, one might still wonder how much of the magnitude of is still related to national institutions.
To deal with this issue, we follow the approach in Tabellini (2010) and estimate the following model on the European regional sample:
where j denotes region, 10 F LP R ji is the female labor participation rate in 2008 in region j of country i, N R ji is the years of agriculture in 1500 CE (in 1000s), C i is country …xed e¤ect for country i, Z j denotes some additional control variables (e.g., income, income 2 , distance to Wittenberg, latitude, soil suitability for plow-use), and j is the unexplained part. 9 In this analysis, we also adopt an instrumental variables strategy by using variation in the numbers of prehistoric domesticable animals (Hibbs and Olsson, 2004) as an exogenous source of variation in years since the Neolithic revolution. 10 Regions follow Eurostat's de…nition of regions at the NUTS2 level, which categorizes regions based on population sizes ranging from 800,000 to 3 million. 
Main results
Columns (1)- (4) in Table 2 display the results of estimating equation (1) . In column (1), the female labor force participation rate is regressed on the migration adjusted number of years of agriculture. From this, we see a statistically signi…cant negative coe¢ cient and the R 2 indicates that agricultural history explains one-quarter of the variance in the year 2000 female labor force participation rate. This suggests that a long agricultural history is related to "traditional" gender roles with women out of the formal labor market. To get a feeling of the economic signi…cance, the result implies that a thousand year earlier transition is associated with 3.9
percentage point lower female participation in the year 2000. Table 2 about here By the inclusion of continent dummies, column (2) checks whether the result is driven by between-continent variation in the outcome variable. But this actually increases the absolute value of coe¢ cient from 3.9 to 6.0. Moreover, this also attests to a positive continental development e¤ect on female labor force participation, possibly through an early transition date.
Next controls for economic development and geography are added. First, as previous studies have argued that female labor force participation follows a U-shaped path in economic development (e.g., Goldin, 1995; Galor and Weil, 1996; Tam, 2011) , such a relation is warranted in the model. Second, various aspects of geography are possibly related to both gender roles and the timing of the Neolithic Revolution. Therefore, we also include: fraction of tropical land, fraction of arable land, log distance to coast or river, and a dummy for landlocked countries.
In column (3), we see that the magnitude of the basic result is relatively stable to the inclusion of these variables. Figure 1 plots the partial correlation for the model in column (3), which we consider as our baseline result, and it suggests that the relationship is not driven by outliers.
Figure 1 about here
The timing of the Neolithic Revolution, and thereby years of agriculture, can be viewed as predetermined-as it cannot be in ‡uenced by feedback e¤ects from the current labor market.
Still, omitted variable or attenuation bias may be a concern, and therefore column (4) uses the availability of prehistoric domesticable animals as a geographical instrument for the timing of the Neolithic Revolution. Given that this only in ‡uences female labour force participation rates through adoption of agriculture, we can rule out that the results are driven by omitted variable or attenuation bias. Comparing columns (3) and (4) shows that the 2SLS estimate is larger in magnitude than the corresponding OLS estimate, which is possibly due to attenuation bias from measurement error in our explanatory variable.
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In columns (5)- (8), we repeat the estimations with the unadjusted years of agriculture as the explanatory variable. Doing so is interesting for two reasons. First, the post-1500 migration ‡ow is possibly endogenous to current gender roles if areas with a "potential" for developing patriarchal cultural values attracted immigrants with long ancestral histories of agriculture.
Second, and more importantly, the proposed hypothesis is consistent with the notion that the history of a population's ancestors matters more than the history of geographical places (Putterman and Weil, 2010) . As with the adjusted measure, the regressions show a signi…cant negative association. However, the absolute value of the coe¢ cients on the unadjusted measure are smaller in magnitude. Although these results are quiet about the role of formal versus informal institutions, one might interpret them as showing that immigrants with long histories of agriculture haven taken with them certain values and norms that still a¤ect the view on role of women in the labor market today. 11 Using prehistorical domesticable wild plants as an extra instrument gives similar results and, in this speci…cation, we are not able to reject that the instruments are unrelated to the error term.
Robustness
The conclusion that long histories of agriculture matter for the contemporary role of women in society is corroborated by the strong robustness of the …nding. In particular, this subsection demonstrates robustness of results to potential confounding factors, alternative samples, and alternative outcomes.
Potential confounding factors
The results from potential alternative interpretations are reported in Table 3 . Columns (1)- (3) Galor (2011) also constitute an alternative explanation for the presented evidence. To address these issues, we augment the model speci…cation from column (3) in Table 2 p.30). While religion can be regarded as a channel through which agricultural history might a¤ect gender roles, we still wish to explore the importance of this speci…c channel. Column (4) includes the fraction of Muslims and the fraction of Protestants and column (5) also includes religious fractionalization. We …nd that absolute value of the coe¢ cient reduces from 5.36 to 2.98, but it remains statistically and economic signi…cant, suggesting that years of agriculture does not only impair gender equality through the doctrines of religion.
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In a reduced form way, column (6) demonstrates that the negative e¤ect of agricultural history on gender roles cannot be attributed to whether a country historically has adopted the plow or not. In particular, this speci…cation includes the fraction of land that is (not) suitable for plow-use, as de…ned in Alesina et al. (2012) . As seen, however, this has no e¤ect on the estimated coe¢ cient.
So far we have controlled for the e¤ect of economic development on female labor force participation by the inclusion of income and income squared. Column (7) adds years passed since the Demographic Transition (Reher, 2004 )-as an additional measure of the gender wagegap-but again, the coe¢ cient on years of agriculture is stable. Finally, in column (7), the above-mentioned controls are entered simultaneously. Compared to the baseline speci…cation the magnitude is cut in half. Even so, we still …nd a sizable negative e¤ect associated with years of agriculture.
Table 3 about here
Alternative sub-samples Table 4 provides the estimated coe¢ cients on years of agriculture across di¤erent sub-samples of observations. For convenience, we repeat our baseline result in column (1) . Because the forerunner countries in the transition to agriculture are located in the Middle East (e.g., Iraq, Jordan, Lebanon, and Syria), one might suspect the basic association to be driven by countries in this area of the world. But, as seen from column (2), excluding the Middle East only has a relatively small e¤ect on the stability of the coe¢ cient on years of agriculture. Next, in column (3), we observe that the basic result also turns up when only considering Old-World countries. The remaining columns of Table 4 consider the proposed hypothesis continent by continent. While the basic estimate loses some magnitude and precision in the Americas (column 7), we otherwise …nd a signi…cant negative relationship between the female labor force participation rate and migration adjusted years of agriculture within each of the remaining continents (i.e., Africa, Asia, and Europe). Table 4 about here Alternative outcomes Finally, Table 5 considers alternative outcomes. In column (1) we propose a falsi…cation test based on the idea that long histories of agriculture may contribute to lower labor force participation rates for both genders. Column (1) tests whether years of agriculture is related to the year 2000 male labor force participation rate and, in accordance with the proposed hypothesis, there is no evidence of such a relation. This suggests that our results are not explained by variation in the general economic activity level. Column (2) shows that we reach an identical conclusion using an alternative year (1980) for the female labor force participation rate. Indeed, the estimated coe¢ cient is very similar to our baseline result, which also provides some evidence for persistent gender roles. The remaining columns of Table 5 look at alternative measures of equality of gender roles. In column (3), we witness a negative association between the date of the extension of the franchise to women and years of agriculture.
Thus, on average, countries with long histories of agriculture granted women political rights later on. Moreover, from column (4) it is evident that contemporary female political representation likewise is lower for countries with an early Neolithic Revolution. In the last three columns, we use fraction of female legislators, female literacy, and a 'gender equality'index which measures the extent to which a country has installed institutions promoting equal access for men and women in education, health and the economy. Again the same conclusion is reached. Tables 3-5 support the hypothesis that years of agriculture is a stumbling block for equality in gender roles-as measured by various indicators. Thus, the evidence corroborates that, countries with an early Neolithic Revolution hold a more patriarchal view on women's role in the economy and society at large.
European regional analysis
One issue in our cross-country investigations is to the role of country-speci…c characteristics for the understanding of the results. Not surprisingly, given previous work (e.g., Putterman,
2008), we have in mind the part that has to do with national formal institutions. One approach in addressing this issue it to utilize the within-country variation in years of agriculture, which is available for mainly European countries (Pinhasi, 2005) . This allows removing any countryspeci…c e¤ects that are potentially both related to years of agriculture and gender roles. As expected, the analysis shows that a substantial part of the variation in the female labor participation rate is explained by country speci…c characteristics. 13 Yet, years of agriculture continues to play a signi…cant role in explaining female labor participation, supporting the view that our basic result is in line with a cultural interpretation.
The results are presented in Table 6 . Column (1) contains the unconditional estimate, with a magnitude that is actually larger than the previous cross-country estimates. In column (2), we see that including country …xed e¤ects reduces the absolute value of the coe¢ cient, nonetheless, the coe¢ cient on years of agriculture is still negative and statistically signi…cant.
Further, column (3) reveals that this association cannot be attributed to regional variation in income.
The remaining three columns add potential geographical confounders. In order to capture a 13 This is demonstrated by the fact that R 2 increases from 0.65 to 0.86 by the inclusion of country dummies.
Conclusion
This research studies the hypothesis that years of agriculture has a persistent negative impact on the position of women in society. In short, this is motivated by two coherent assertions. First, we argue that an early Neolithic Revolution is related to contemporary gender roles through agricultural intensi…cation and the associated historical sexual division of labor. Second, the patriarchal values and beliefs-with strong origins in agriculture-have become more ingrained over time. Hence, these values and beliefs are more persistent in countries with long histories of agriculture.
The cross-country analysis demonstrates a remarkably robust negative relationship between female labor participation and years of agriculture. In addition, we show similar relations for alternative indicators of equality of gender roles. Finally, utilizing within-country variation in the European regional data, we also demonstrate that our basic results cannot alone be attributed to country-speci…c e¤ects which includes formal national institutions.
At this point, however, a discussion of the limitations of the results are warranted. We Table 2 : Main results Notes: Columns (1)- (3) and (5)- (7) report OLS estimates. Columns (4) and (8) 
Dependent variable:
Male labor (3) in Table 1 . Migration-adjusted years of agriculture is time elapsed in 1500 since the Neolithic revolution in 1000s years (Putterman and Trainor, 2006 ) adjusted with a post-1500 migration matrix (Putterman and Weil, 2010) . Dependent variables are indicated in the columns. Constants are not reported. Robust standard errors in the parentheses. *** p<0.01, ** p<0.05, * p<0.1. Table 6 : European regional sample 
Democracy
The Polity-2 variable, which ranges Polity IV Database from -10 (dictatorship) to 10 (democracy). 
Social infrastructure

Muslims & Protestants
Fraction of population that is Muslim and Alesina (2003) fraction of population that is Protestant.
Religious fractionalization
Religious fractionalization index. Alesina (2003) Plow suitable soils [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Indicators
Gender equality index
Extent to which a country has instalWorld Development led institutions that promote equal Indicators access for men and women in education, health, the economy. 
Distance to Wittenberg
Great circle distance to Wittenberg Own calculations in kms
Distance to equator
Great circle distance to equator Own calculations in kms
